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ANALYTICAL UNIT USABLE IN APPARATUSES 

FOR OPTICALLY DETERMINING SPECIES IN SOLUTION 

She present invention concerns a combination unit or assenbly 
including an analytical cuvette and light guiding means usable in 
an apparatus for optically determining species in solution/ more espe- 
cially for determining bioactive species by reactions of the iimuno- 
5 assay type. 

Analytical apparatuses conprising optical fiber probes which 
can optically monitor the adsorption of chemical species on the fiber 
core are known. This technique is based on the iimersion of a lit 
optical waveguide, for instance an optical fiber without cladding , 

D in a test solution the refractive index of which is lower than that 
of the fiber core, whereby an interaction takes place between the 
evanescent wave conponent of the signal travelling along the wave- 
guide and seme species in solution to be determined. This approach 
is particularly interesting for monitoring events in the reaction 

5 space in close vicinity to the fiber, i.e. within reach of the evanes- 
cent wave conponent (a few tenths or hundredths of angstroms) , this 
being in the case of tests based on the reaction of a first partner 
in a conplexation reaction, this partner being adsorbed or attached 
on the probe surface, with a second partner dissolved in the sanple 

0 solution. 

Apparatuses suitable for such types of measurements have been 
recently disclosed in the following references WO 84/00817; USP- 
4,447,546 (HIR9CHEEID et al) ; GB 2,103,786 (ICI); J.D. ANDRADE et 
al. Applied optics 23 (U) 1984, 1812-1815; WO-A-8100912 (BUCKLES); 

5 US-A-4,050,895 (HARDY et al) ; US-A-3,939,350 (KRGNICK et al) . 

Recently, there has been disclosed (see EP-A-75353) an appara- 
tus for measuring parameters in a reaction of an analyte with a spe- 
cific reactant thereto, said reaction occurring on the surface of 
a waveguide, e.g. a piece of optical fiber, and causing detectable 

0 changes to the optical properties thereof, which conprises a light 
source, means to inject a signal frcm that source into the input of 
said waveguide, detecting means to detect the light signal having 
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undergone changes when travelling therethrough and emerging there- 
from and converting it to an electric signal, and means for proces- 
sing said signal into useful data pertaining to said reaction. This 
apparatus comprises: 
5 a) A waveguide, the main part of which passes through a container 

or cuvette for holding a liquid analyte to be determined; the exposed 
surface of the waveguide immersed in the liquid is coated, before 
operation, with a thin film of a specific conplexing reagent of the 
species dissolved in the liquid and which should be determined. The 
10 assenbly of the waveguide and the cuvette constitutes the test probe 
of the apparatus. 

b) A light source, a collimating lens, an annular aperture and 
a focusing lens for injecting into the waveguide a light beam origi- 
nating from the source and directed by the focusing lens at a select- 

15 ed angle to ensure propagation of the beam by multiple reflections 
in the probe fiber. 

c) The disclosed apparatus further conpr ises a main detector 
for transforming the exit light signal from the output end of the 
core into an electric signal, amplifying and computing circuits to 

20 process^ the signal from the detector and, finally, a display device 

providing the desired read-out output. 

Although the previously disclosed waveguide probe and cuvette 

assenbly for performing the chemical reaction to be monitored have 

been operated satisfactorily in the past, it was found desirable to 
25 provide other systems which can be set-up faster, easier to operate 

and which can provide information, more or less simultaneously, on 

more than one parameter of the analytical solution. 

The present combination assenbly, as defined in claim 1 is an 

accomplishment of the afore-mentioned wishes. One eirbodiment of this 
30 assenbly with an apparatus in which it is incorporated as well as 

modifications thereof will now be described with reference to the 

annexed drawing. 

Pig. 1 is a schematic top view of an eirbodiment of an analytical 
apparatus involving a double waveguide cell combination assenbly. 
35 Fig. 2 is a sch erratic view of a variant of the eirbodiment of 

fig. 1. 

Fig. 3 is a schematic view of still another eirbodiment. 



RNsnnr.in- <fp niRsi9«Ai i > 



- 3 - 



01 851 26 



Fig. 4 is a diagram explaining the propagation of totally re- 
flected light in a medium (waveguide) of refractive index n ± great- 
er than n 2 , the refractive index of another medium (analyte) with 
which the waveguide is in contact. 

Fig. 5 is appendent to fig. 4 and schematically represents the 
penetration of the evanescent wave component in the rarer medium 
(analyte) . 

Fig. 6 is a schematized representation of the phenomena occur- 
ring during an analysis using a waveguide according to the invention. 

Fig. 7 is a diagram showing response curves in performing an 
analysis according to the aforementioned representation. 

Fig. 8 is a diagram with a typical response curve in the analy- 
sis of HbA lc , a blood component, in the presence of hemoglobin. 

The apparatus of which the essential optical components are sche- 
matized on fig. 1 comprises a dual-element waveguide cell 50 of which 
the main walls 51 and 52 constituting the two light guiding elements 
transport exciting signals originating from a source 6 and whose in- 
ner walls are in contact with the analyte solution contained in cell 
50. The especially shaped light conductive walls of the cuvette can 
be provided by usual means, e.g. by molding with a transparent plas- 
tic, for instance lucite or they can be made of glass, preferably 
optical grade. The width of the cuvette, i.e. the distance between 
walls 51 and 52 is any compatible with the holding of a definite 
amount of analyte; this width can be a few mm or a fraction of a mm 
(e.g. 10 to 1000 aot) in which case the cuvette can also act as a sampl- 
ing means due to the capillary effect provided by walls arranged very 
near to each other. 

A beam of light originating from a source 6 is alternatively 
split into beams 55 and 56 by a rotating chopper mirror 57a, b. On 
fig. 1, this mirror 57 has been represented in two positions, i.e. 
one instant position corresponds to numeral 57a and another position 
(at about right angle to the first one) by numeral 57b. It can be 
readily seen that, depending upon the position of the mirror 57, the 
original beam is either reflected into beam 55 or into beam 56. Thus, 
the light from the source 6 is alternatively injected in either por- 
tion 51 or 52 of the dual waveguide cell 50 by means of either one 
of a series of mirror 58a, b, c and 59a, b and c, respectively. The 
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output light, respectively 60 and 61 , from either part of the wave- 
guide is then collected on a detector 62. 

Ibe remaining components of this enbodiment comprise a raonochro- 
mator 9 and electronic elements with data-acquisition and processing 
5 microcomputer including a photoraultiplier detector 62 , a preampli- 
fier 11, a light source microcomputer ized control system 12, a micro- 
processor 13, a printer 14, and a memory (floppy disc) 15. 

The light source 6 used preferably was a xenon flash lanp (E.G. 
& G. , Salem, MA) and the monochromator was preferably equipped with 

10 a concave holographic grating (Jobin-Yvon, Paris, France) to permit 
a resolution of 5 run, Hie flash lanp of the source 6 was controlled 
by the microccnputer 12. To inject the sanples to the cell 50 a pro- 
grammable automatic pipette (Microlab-P; Hamilton Bonaduz AG, Bona- 
duz, Switzerland) was used preferably. The detector 62 comprised a 

15 photranultiplier tube (R928; Hamamatsu, Otokyo, Japan) placed at the 
waveguide output to monitor the change in light intensity directly. 
Signals from the photomtiltipiier tube were amplified (11) , integrat- 
ed during the flash time (12) and converted by a standard 12-bit ana- 
log/digital converter (not shown) into digital format. The in-house 

20 microccnputer 12 performed fast signal averaging, and all data were 
adjusted for variation in flash lanp intensity by reference to a photo- 
diode 19 placed in the monochrcraator. The signals were transmitted 
to an Apple II raicroconputer 13 for display and storage. 

In a further enfc^odiment, (see fig. 2), the apparatus comprises 

25 a dual-waveguide cell 70 identical with the cell of the previous enbo- 
diment, i.e. having walls 71 and 72 acting as the two independent 
elements of the waveguide and operating similarly as will be seen. 

The apparatus ccnprises a light source 73, the output of which 
is focused on either side by means of lenses and mirrors, respecti- 

30 vely 74 and 75, on the input side of guide elenents 71 and 72, res- 
pectively. A chopper disc 76 with a window hole 77 acts to alterna- 
tively distribute the exciting light into elements 71 and 72. The 
output signals from the waveguide are then directed to a detector 
78 by means of mirrors 79 and 80. 

35 In both enbodiments depicted on figs 1 and 2, one of the wave- 

guide elements (51, 71) is coated with an antibody specific to one 
conpcnent to be measured in the analyte by a conplexation reaction 
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(as disclosed hereintofore) while the second element (52, 72) is left 
uncoated. Herein, uncoated refers to a surface without antibody. How- 
ever the protein adsorption sites on this surface are usually blocked 
by adsorbing a non-binding protein (e.g. bovine serum albumin BSA) 
to the surface. Therefore during analysis, the signal at the output 
of the uncoated area reflects the interaction of the exciting beam 
with the bulk of the analyte. However, simultaneously or nearly simul- 
taneously, the signal emerging from the coated side of the guide pro- 
vides the required information on the component being bound by the 
specific reactant coated on the inner surface of this side of the 
cell. This will be illustrated in more detail with reference to the 
examples in this application. Suffice to say now that this kind of 
waveguide system (dual type) allows to gather the two types of in- 
formation from separate elements of the waveguide. Evidently the de- 
tector output signal in this embodiment is thereafter processed and 
converted into read-cut data as disclosed in connection with the pre- 
vious embodiment. 

Another variant embodiment is represented on fig. 3. In this 
variant, a dual waveguide cell 90 of the same general configuration 
as the aforementioned cells 50 and 70 is used with the difference 
that ends 91a and 92a are actually made reflective, for instance by 
metallizing (silver or aluminum) like in the case of a mirror. There- 
fore, the other ends 91b and 92b, respectively, of the waveguide light 
conductive elements act simultaneously as the input and output ends. 
This is illustrated by the paths of the exciting light beams provid- 
ed by two sources 93 and 94 which are directed into ends 91b and 92b, 
respectively, after crossing beam-splitters 95 and 96 , respective- 
ly. Thus, the light which penetrates through ends 91b and 92b tra- 
vels through the guide first in a forward direction and then backwards 
after being reflected from ends 91a and 92a. This configuration 
enables that the interaction capacity of the exciting light with the 
analytes be actually doubled as compared with the previously disclos- 
ed embodiments. This variant further comprises a detector 97 for col- 
lecting the backward signals exiting from 91b and 92b and directed 
thereto by means of beam splitters 95 and 96 and a prism-like mir- 
ror 98. Sources 93 and 94 are alternating^ synchronised by means 
known in the art so that signal pulses exiting from the waveguide 
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ends 91b and 92b do not simultaneously fall on the detector 97. Natu- 
rally, other types of cuvette-waveguide units with more than two wave- 
guides elements are also possible, for instance cuvettes containing 
optical fiber waveguides in addition of the opposite facing walls 
5 thereof working as waveguides. Therefore the total nunber of inde- 
pendent waveguides elements operating together in the unit being 
longer than 2, a corresponding nunber c»f .parameters of the solution 
can be investigated simultaneously (or about simultaneously) • 

Ihe use of the afore-disclosed apparatuses can be illustrated 
10 by the analysis of blood sanples as provided hereinafter. 

Indeed, the direct determinations in blood sairples of hemoglobin 
and various other hemoglobin factors such as glycosylated hemoglobin, 
this being, if desired, relative to total hemoglobin in this sample 
constitute very inportant medical tests. It is known that glyoosy*- 
15 lated hemoglobins (HtA| Q , A^ and Aj c ) are inportant factors in the 
diagnosis and monitoring of patients with diabetes. Hie determina- 
tion of the content of HbA^ (which amounts to about 80% of total 
glycosylated hemoglobins (HhA-^) ) relative to total hemoglobin (i.e. 
HbA 0 , ncn-glyoosylated hemoglobin and HtA^ is particularly inpor- 
20 tant with regard to that disease. 

Hemoglobin A-^ is a glycohemoglobin with an amino acid struc- 
ture which is identical to that of HfcA Q ; the inportant difference 
is the presence of 1-amino-l-deoxy- fructose attached in the 2,3-di- 
phosphoglycerate pocket to the N-tenninal val ine in the beta-chain 
25 of HhA^. The modification of HbA Q to HbA-j^ is a continuous non-emzy- 
matic post-trans lational process, the rate of which is a function 
of the blood glucose concentration. G ly cosy la t ion occurs as a two 
step process. Firstly, the open aldehydic form of glucose reacts with 
the terminal amino group of the beta-chains of Hb to form a SCEODEF 
30 base . Secondly , the 9CHTFF base then undergoes an AMftDQRI rearran- 
gement to form HfcA^. The intermediate SCHTFF base is unstable with 
a 60-fold greater tendency to dissociate (to the free sugar plus pro- 
tein) than the stable ketoamine of HfcA^. As only a small fraction 
of blood glucose is in the open aldehydic form (approximately 10" 6 *) 
35 and the rate of ketoamine formation is slew (although effectively 
irreversible) , the formation of HfcA^ is an indication of long term 
blood glucose concentration. Over the 120 days life-span of the human 
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red hlood cell, the nuirber of glycosylated Hb molecules increases 
proportionally to the mean blood glucose concentration. The relation- 
ship between the mean plasma glucose and HbA lc concentration is unique 
m that a single HbA lc extinction measurement provides a retrospec- 
tive assessment of blood glucose control over the preceeding 6 to 
8 weeks. It is generally accepted that HbA^ c measurements are a very 
useful tool in monitoring diseases of carbohydrate metabolims, spe- 
cifically diabetes mellitus. Diabetics have high long-term blood sugar 
levels and this is reflected in their HbA^ levels. Normal adults 
have about 3 - 6% of their total hemoglobin as HhA lc whereas the range 
in juvenile and maturity onset diabetics is 6-15% as HbA, . a simi- 
lar increase in HbA lc concentration has been noted in mice with gene- 
tic and chemically induced diabetes and in pancreatectonized dogs. 

Among the several methods which exist for determining glycosy- 
lated Hb in blood, Hh^ and in particular HbA lc measurements have 
now become a method of choice for monitoring the treatment of dia- 
betics (L. JOVANDvTC et al. , American J. of Medicine (1981) 70, 331- 
D.E. G0U3STEIN e t al. , Diabetes (1982) 31, 70; K.H. GABBOY et al. ', 
J. of Clinical Endocrinology and Metabolism (1977) 44, 859- B G0- 
NEN et al. , Diabetologia (1978) 15 , 1; CM. PETERSON, Diabetes ( 'l982) 
31, 1). Also, the following patent documents can be usefully mention- 
ed: US-A-4,247,553; GB-A-1,580,318; US-A-4 ,222,836; US-4,372,747- 
US-4,200,435; US-4 ,341,635. These methods can be readily classified 
by the mechanism used to separate glycosylated Hb from non^lycosy- 
lated Hb. For instance ion-exchange chromatography was used early 
and is still the most common method (H.G. KUNKEL et al. , Science 
(1955) 122, 288). Although such ion-exchange technique is current- 
ly the only available method which specifically measures HbA, , it 
has a number of limitations of which temperature and pH sensitivi- 
ty are the most important. Ion-exchange also is subject to interfe- 
rences as labile glycosylated Hb (pre- HbA lc , nust be removed prior 
to assay and both fetal- Hb (HbF) and Sickle Cell Hb (HhS) interfere 
with the results. 

Other techniques involve agar gel electrophoresis (L. MENARD 
et al.. Clinical Chemistry (1980) 26, 1598), isoelectric focusing 
(K.M. SPICER et al. , Diabetes (1978) 27, 384), colorimetry, e.g. with 
thxcoarbxturic acid (R. FLUCKIGER et al. , FEBS Letters (1976) 71 
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356) and affinity chromatography (V. BCORIOTIS et al. , Diabetologia 
(1981) 21, 579) . Only one type radioimmunoassay has been reported 
(J. JAVID et al., British J. of Haematology (1978) 38, 329) which 
was slow (more than 3 days to work) and technically complex as requir- 
5 ing the preparations of radiolabelled HbA^. Although the methods 
of the prior art have merits, there is still a need for methods pro- 
viding quick results (less than about 15 minutes) , requiring less 
skilled operators and less costly to be undertaken on a routine ba- 
sis. Current art methods are slow (typically more than 1 hour 
10 results) , technically complicated (require more than five pipetting 
manipulation steps) and unsuited to testing outside a laboratory envi- 
ronment. Further, present methods require that total hemoglobin be 
ascertained separately from the glycosylated factors and it was desi- 
rable that both analytical data could be ascertained substantially 
15 together and correlated without delay. 

The method which can be performed with the apparatus disclosed 
in the present invention remedies the inconvenience of prior art me- 
thods and enables to determine about simultaneously more than one 
parameter in the blood; it further offers the advantage of direct- 
20 ly providing, if desired, the percent of one parameter, e.g. a gly- 
cosylated factor or other hemoglobin factors relative to another para- 
meter, e.g. total hemoglobin. 

Ifcis illustrative method allows for the separate determination 
of Hb-A-j^,, A-j^ or A-j^ provided antibodies specific to any of such 
25 species are available in purified form. Otherwise, using less spe- 
cific antibodies, the present method allows for the combined deter- 
mination of two or more blood factors taken together, i.e. all gly- 
cosylated Hb relative to total Hb for instance. Of course, the me- 
thod also provides for the determination of blood factors other than 
30 the ones hereabove if corresponding reagents specific to said fac- 
tors in complex formation reactions are available (e.g. HbF, HbS or 
other human hemoglobin variants. 

The method does not concern the ob tent ion or preparation of such 
specifically reactive complex moieties (monoclonal or polyclonal anti- 
35 bodies) but it concerns their use as coating materials in the pre- 
paration of the active waveguides to be contacted with the blood 
sample to be analyzed with the assembly of the invention. 
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The optical technique used here relates, as heretofore mention- 
ed, mainly to light adsorption, i.e. there is an interaction of the 
evanescent component of the wave transported in one operative element 
of the guide with the molecules, first in the ambient liquid and, 
5 second, with the Hb-antibody complex which starts building up on the 
guide in form of a layer due to the reaction of the blood factor to 
be determined with the specific caiplex moiety (antibody) previous- 
ly coated on the surface of another operatively distinct element of 
the waveguide. The depth of interaction of the evanescent light com- 
ponent in the corresponding element is substantially limited to the 
thickness of the layer of the complex so the optical response to that 
build-^p is independent of the bulk adsorption due to the blood it- 
self and the two effects can be easily distinguished without sophis- 
ticated techniques for decoding the signals originating from one or 
L5 the other effect. 

Hb derivatives have characteristic adsorption spectra dependent 
on their chemical state. Hence, any of the usual adsorptiometr ic tech- 
niques are equally applicable for implementing the invention (L. TEH- 
TORI et al. # Hemoglobin, in Methods in Enzymology (1981), vol. 76, 

-° 707-732, Academic Press, New-York). Included are the cyanomethem^- 
globin method and single or multi^avelength absorptions trie assays, 
preferably in the range 400 to 600 nm, specifically 400-420 nm and 
550-600 nm. Also included are such isobestic point methods where the 
absorption by the Hb molecule is independent of the degree of oxy- 

!5 gen saturation. 

The operation of the present test proceeds according to the fol- 
lowing: when a light beam 1 strikes with an angle 0 the interface 
between two transparent media n, and n 2 (fig. 4) striking from the 

0 T™" 1 , Wlth 9rSater refraCtiVS iT *°* <*l> »2>> total inter- 

nal reflection occurs ( n.j. HARRICK, Internal Reflexion Spectroscopy, 
Wiley Interscience, New-York (1967) when the angle of reflection* 
is larger than a certain value 9 C called the critical angle given 

• by the equation: 

5 Q c » sin-l(n 2 / n;L ) i 

The reflected beam is indicated by numeral 2. In this case the 
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evanescent wave penetrates a distance (dp) of the order of a frac- 
tion of a wavelength beyond the reflecting surface into the rarer 
medium of refractive index r^. According to Maxwell's equations a 
standing sinusoidal wave, perpendicular to the reflecting surface, 

5 is established in the denser medium (fig. 5) . Although there is no 
net energy flow into the non absorbing, rarer" medium, there is art 
evanescent, ncnprcpagating field 3 in that medium, the electric field 
amplitude (E) of which is largest at the surface interface (Bo) and 
decays exponentially with distance (Z) from the surface according 

10 to: 

E = E 0 . exp (-Z/dp) 2 

The depth of penetration (dp) , defined as the distance required 
15 for the electric field amplitude to fall to exp (-1) of its value 
at the surface, is given by: 



20 2-n (sin^- ( n 2/ n l )2 )* 

Starting from 90°C, as approaches * c , dp becomes infinitely 
large, and at a fixed angle, increases with closer index matching 
(i.e., as n^— >1). Also, because dp is proportional to wavelength, 
25 it is greater at longer wavelengths. 

Thus, by an appropriate choice of the refractive index n x of 
the transparent waveguide, of the incident angle, and of the wave- 
length, one can select a dp to control optical interaction mainly 
with substances 4 close or at given distance from the interface and 
30 minimally with substances 5 beyond said distance. In the present embo- 
diment, the denser medium can be constituted by the wall of the opti- 
cal cell or cuvette of the invention made of plastic or glass (^ 
being of the order of 1.40 to 1.60) and the rarer medium is the aque- 
ous blood sample (n 2 « 1.34) ; & is controllably variable so that when 
35 A is a selected visible wavelength, dp can be varied from about 20 
to 300 nm. In the unit of the invention, the materials used for the 
different waveguide elements, e.g. the walls of the cuvette can be 
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different in nature, i.e. have different refractive index (n x ) ; there- 
fore the depth of penetration of the evanescent wave component tra- 
velling in one element can be different from that in an other element, 
with the result that the interaction between the exciting signal and 
the analytical species to be determined can involve regions at dif- 
ferent depths within the solution to be analyzed. 

The number of reflections (N) in the waveguide is a function 
of the length (L) and thickness (T) of waveguide and angle of inci- 
dence (&) : 

N = L/T . cotg & 4 

In the waveguides used here the total number of reflection for 
a discrete light beam varied from about 30 to 50. 

Fig. 6 is a schematic illustration at the molecular level of 
the phenomena taking place during analysis in a cell of the dual-wave- 
guide type as disclosed previously. In fig. 6 areas narked 51 and 
52 correspond for instance to the waveguide elements 51 and 52 depict- 
ed on fig. 1. The area intermediate between areas 51 and 52 repre- 
sents schematically an analyte medium with species dissolved there- 
in and species attached to the inside walls of elements 51 and 52. 
Element 51 is pictured to have deposited thereon antibodies 100 spe- 
cific to HtA lc entities labelled 101. Some of these HtA lc molecules 
are shewn after conplexation with the specific antibody 100 , others 
are still free. The other surface (i.e. the surface of element 52) 
is shewn coated with blocking agents 102 (for instance , bovine serum 
albumin) said agents being intended to minimize the possible affi- 
nity of the bare wall to other species in solution, for instance HbA 

o 

103 and other proteins of any type 104. 

Thus, during analysis, non-specific binding of Hb to surface 
52 is prevented (or at least strongly minimized) which makes it pos- 
sible , by using an angle 9 of suitable value, to measure the bulk 
hemoglobin by the interaction of the evanescent wave conponent of 
the signal travelling in 52 with the analyte solution at depths beyond 
that of the blocking coating deposited on the surface. 

In contrast, a conplexation reaction occurs on surface 51 between 
the antibody molecules 100 coated thereon and the HbA-. (AG) mole- 
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cules in the analyte solution. This reaction although rapid is not 
instantaneous; therefore a layer of conplex progressively builds up 
on surface 51 with consecutive corresponding interaction with the 
light component travelling in that element of the waveguide, this 
5 resulting in the production of response curves of the A or B type 
depicted in fig. 7 (see the examples that follow) . 

In order to practically carry out the tests, the glass cuvet- 
tes were cleaned by consecutive immersion in concentrated sulfuric 
acid and distilled water, ethanol, and acetone, using standard slide- 

10 staining glasswave. Other non glass waveguides were cleaned in etha- * 
nol ultrasonically. The waveguides were contacted with the various 
antibody solutions. Antibodies were either physically adsorbed to 
the surface of the waveguides or covalently coupled. Adsorption was 
carried out by incubating cleaned waveguides with solutions of anti- 

15 body (5/ug of protein/ml of 0.05 mol/1 Tris Hex: buffer, pB 7.0) for 
4 hours. Qiadsorbed proteins were washed away with saline and resi- 
dual protein binding sites blocked by incubation of the 
antibody-coated waveguides with bovine serum albumin (1.0% by weight^ 
in TRIS Buffer) . 'The method of coupling was essentially that of Weet- 

20 all, involving 3 -aminopr opyl- tr ie thaxys i lane APTS (Immobilized Bio- 
chemicals and Affinity Chromatography, R.G. Dunlop, Plenum Press, 
New-York, p. 191-212) in an acid aqueous silanization environment. 
(Immobilized Enzymes, Antigents, Antibodies and Peptides: Prepara- 
tion and Chromatography, 1: Enzymology f E.A. Wee tall, Marcel Dekker 

25 Inc. New-York 1975, p. 1-48). 

In general, we reacted waveguides with APTS (0.4 mo VI) for 3 
hours at 80°C. We then heated the waveguides at 80-120°C, depending 
on the materials involved for 2 hours, then let them soak in glu tar- 
aldehyde (0.5 mol/1) in phosphate buffer (0.1 mol/1, pB 6.8) for 90 

30 rain at arrbiant tenperature. The "activated" waveguides were then react- 
ed with antiserum Ab (5 mg of protein per milliliter of phosphate 
buffer) for 24 hours at 4°C. After washing the antibody-coupled wave- 
guides in phosphate buffer, we stored them at 4°C in isotonic saline 
(0.14 mol/1, containing sodium azide, 8 ninol/1) . Measurements of pro- 

35 tein (Anal. Biochem 51, 654-655 (1973)) before and after the coupl- 
ing demonstrated protein uptakes of approximately l/ug/cm2 of quartz. 
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Example 1 

Measures of hemoglobin in the presence of for al9 „ he-cglobin. 

5 geon) art -tou, variable prcportlcns ot hemoslobin J P te 

senes of sables (A) and the proportions o, n-an hemoglobin are 
given » the Table below. In ^ ^J^te £ 

M hemoglobin concentration was about doubled. Hual * 

W T 1 - ' - — • ~ °f *e surfaces ( e. g 

'"^ wlth «■«»»* to human 1*5. The other surface ,52, 

was blocked with bovine serum albumin as usual. ' 

<*on doing the measurements a sharp dip (I) corresponding to 

To mTTT m> " 9 - 7> - ™— "«« - ^terval T t 

no further change during the 10 min interval was observed^ re^ 
suits are su^rised below. me sutscripts a and B used in ^g ~ 
2o corresp^ to sables of different Orations of total 

Human fib in Transmission (%) M 

avian Hb (%) ftota1 h^ -,^, 



0 

25 i 
2 
10 
20 



75.3 
74.9 
74.4 
72.0 
68.3 



0 

0.4 
0.9 
3.3 
7.0 



30 



35 



Thus the value recorded for the first initial dip I can be cor- 

1LZ lh h n n ^ 31,13 to the bind- 

ing of the nunan hemoglobin factor to the antibody coated on surface 
* can be correlated with the h_ benoglobin content of the sa^ 
and ats ratao to total hemoglobin. Standard curves were made 1Z 
the above data by recording on an autc^tic recorder coupl^to^! 
apparatus used in this example. Such curves were thereafter usL « 
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comparative data for determining unknown mixtures of human hemoglobin 
in avian hemoglobin. In fig. 7, the values W (W A and Wg) correspond 
to the responses measured after the cell was washed thoroughly with 
assay buffer (at tj) which removed all unbound material. The W values 
can also correlated, if desired, with the above analytical parame- 
ters of the solutions and used, as standards, for -the analysis of 
unknowns. 

Example 2 

Measurement of glycosylated Hemoglobin (HbA-^J in the presence 
of hemoglobin 

Standard glycosylated Hb (HbA 1{ J was prepared from pooled hepa- 
15 rinized whole blood by catio-exchange chromatography (L.A. TRIVEL- 
LI et al., New England J. of Medicine 284 (1971), 353), using Bio-HEX 
70 resin (BIQRAD, Richmond, Ca, OSA) . The purified Hbft^ was then 
used to prepare standard samples by reccrabining it in varying known 
amounts with blood free from the glycosylated hemoglobin. The con- 
20 centrations of HbA^ relative to total hemoglobin in the samples 

varied from 1 to 20% by weight and the total Hb concentration was 
of the order of 150 g/1. 

An analytical apparatus with cuvettes involving a dual waveguide 
as illustrated on fig. 2 was used for the determinations; the inner 
25 surface of one side of the cuvette was plated with antibody speci- 
fic to HbA^ while the surface of the opposite side was left free. 
Tne content of each cell (a fresh one was used for successively test- 
ing each standard) was about 1 ml and 0.1 ml of the standard, to be 
measured with about 0.9 ml of IBS were pipetted therein. Fig B de- 
30 picts one of the titration curves obtained after 15 min incubation 
tine (with the 20% HbA^ sample), the upper curve (nearly flat) be- 
ing that recorded with the uncoated part of the guide and the lower 
curve showing the response of the antibody coated part of the wave- 
guide. 

35 The results of the analysis of the various standards are also 

gathered in the table below. 
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CLAIMS 

1. Assenbly or unit for optically performing solution analysis 
including a cuvette for holding a solution to be analyzed and light 
guiding means to be contacted with this solution, some interaction 
between a light signal travelling through said light guiding means 

5 and species in said solution to be analyzed providing desired analy- 
tical data, characterized in that said light guiding means conprise 
at least two operatively independent elements of a waveguide each 
with its own optical signal. 

2. Assembly or It according to claim 1, characterized in that 
10 said optically independent waveguide elements consist of at least 

two oppositely facing walls of said cuvette, said walls being made 
of materials having identical or different refractive indexes. 

3. Assenbly or unit according to claim 2, characterized in that 
the thickness of this cuvette, i.e. the distance between said walls 

15 operating as said waveguide independent elements, is of the order 
of 10 to 1000 /um, the cuvette being then able to be also used as a 
sanpling device due to the pumping capillary effect toward the ana- 
lyte solution resulting from having the said walls very close to each 
other. 

20 4. The use of the assenbly or unit of claim 1, 2 or 3 in an ap- 

paratus for the combined determination by optical means of at least 
two parameters in said solution, said interaction being that of the 
evanescent wave conponent of the light signal travelling in the wave- 
guide with either bulk of the solution of with a ccnplex resulting 

25 from the binding of said species to be determined in said solution 
by reactants specific thereto attached on the waveguide, this appa- 
ratus including: 

a) a light source means for generating at least one light beam 
and injecting it into a suitable input end of said waveguide; 
30 b) a light detecting means for collecting the light signal exit- 

ing frcm an outlet of said waveguide and generating an electric signal 
representative of said interaction; 

c) a ccnputing means for processing said eletric signal and pro- 
viding suitable readouts on said desired determination, 
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Standard sol. (%) Transmission in waveguide Difference M 
under test uncoated side coated side (%) 
(% HhA^) 



0 56.1 55.8 0.3 

1 55.5 54.7 0.8 
5 . 53.7 48.2 5.5 

10 58.0 49.2 8.8 

10 20 54.9 42.4 12.5 

The difference of 0.3% for the zero HhA^ sanple indicates some 
degree of residual affinity of the HfcA^ specific antibody for the 
deglycosylated hlood medium. 'This factor is however considered ne- 

15 gligible under practical analytical conditions. 

It should also be noted that the % transmission in the uncoated 
part of the waveguide was not constant frcro one cell to the other 
seeming to indicate that the method is not suitable for accurately 
determining total Hb. However it is not necessary in this instance 

20 to measure total Hb, but only to relate the signals from the uncoat- 
ed and coated sides. Secondly, it is difficult to maintain a degree 
of constancy in manually fabricating a series of cuvettes such that 
each will enable full reproducibility of absolute measurements with- 
out initial calibration of the equipment. Undoubtedly, when cuvet- 

25 tes are manufactured industrially by molding on a large scale, this 
disadvantage is overcome. 



30 



35 
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characterized in that said specific reactants each involves one 
of said operative element of the waveguide. 

5. Use according to claim 4, characterized in that at least one 
of said element is either bare or rendered inhibitory to the bind- 

5 ing of said species by means of a blocking agent, said uncoated or 
blocked element being responsive to said bulk of the solution* 

6. Use according to claim 4, in which said light source means 
conprise chopper means to alternatively inject the signal light in- 
to the two elements of the dual-waveguide. 

10- 7. Use according to claim 6, in which said chopper means are 

either a rotating mirror or a chopper disc* 

8. Use according to claim 4, in which said light source means 
conprise two independent alternately flashing light sources that out- 
put of which is focused each on one optical end of said elements via 

15 beam splitting means and in which the other end of said elements is 
made totally reflective so that the light signal carried by said ele- 
ments travels forwards and backwards therein. 

20 



25 



30 
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